Storms and other severe weather events can result in fatalities, injuries, and property damage. Therefore, preventing such outcomes to the extent possible is a key concern, and the scientific community faces an increasing demand for regularly updated appraisals of evolving climate conditions and extreme weather. NOAA's Storm Events Database is undoubtedly an invaluable resource to the general public, to the professional, and to the researcher. Due to such importance, the primary objective of this study was to explore this database and get clues about its reliability. A complete investigation of the damage estimates, injuries or fatalities figures is unfeasible due to the extension of the database. However, an exploratory data analysis with the resources of the R statistical data analysis language found that damage reports are missing in more than half of the records, that part of the damage values are incorrect, and that, despite all efforts of standardizations, non-standard event type names are still finding their way into the database. These few results are enough to demonstrate that the database suffers from incompleteness and inconsistencies and should not be used without taking reservations and appropriate precautions before advancing any inferences from the data.
Introduction
Storms and other severe weather events can cause both public health and economic problems for communities and municipalities. Many serious events can result in fatalities, injuries, and property damage, and preventing such outcomes to the extent possible is a key concern.
• The occurrence of storms and other significant weather phenomena having sufficient intensity to cause public health and/or economic problems
• Rare, unusual, weather phenomena that generate media attention
• Other significant meteorological events.
This database is updated monthly and generally lags 90-120 days behind the current month, what makes it a very accessible data source. It constitutes an invaluable resource that is heavily used by the general public, insurance adjusters, litigators, and severe weather climatologists. Thousands of scientific papers have been made using this database. For recent examples, see Miller, Black, Williams, & Knox (2016) and Schroeder et al. (2016) .
The primary goal of this study was to explore NOAA's Storm Events Database and get clues about its reliability.
Analysis
Before any further processing, it is advisable to check if the dataset needs some data cleaning, which is considered an essential part of the statistical analysis (de Jonge; van der Loo, 2013). We will check if the dataset lacks headers, contains wrong data types (e.g. numbers stored as strings), bad category labels, unknown or unexpected character encoding and so on.
Event type names
Now, according to (Murphy, 2016) , "the chosen [type] event name should be the one that most accurately describes the meteorological event leading to fatalities, injuries, damage, etc. However, significant events, such as tornadoes, having no impact or causing no damage, should also be included in Storm Data."
The database currently contains data from January 1950. However, in the earlier years of the database the coverage of events was reduced. Nevertheless, this is quite an improvement as the study mentioned above of its version 1.0 found not less than 950 different values including multiple event types in the same record e.g. "Thunderstorm Wind/Hail" or "Hail/Tornado", a fact already observed by NOAA in 2012 and that implied in "manual edits" "made to split records that contained multiple event types in the record" (NOAA, n.d.). Figure 1 shows that, despite all these standardizations, non-standard event names have been introduced since 1993, with a peak of 10 non-standard names on 1995, followed by an almost total pause until 2006, and then uninterruptedly up to now. Figure 2 shows the number of total event names (including both standard and nonstandard ones) raising up to the present total of 73. Figure 3 shows that, fortunately, the presence of non-standard event type names in the dataset is quite irrelevant, amounting to no more than one-fifth of a percent of the total number of events each year.
Damage values
Property damage refers to damage inflicted to private property (structures, objects, vegetation) as well as public infrastructure and facilities.
Tornadoes may contain multiple segments and are reported in Storm Data in separate segments (NCDC, 2008) . This fact may affect the attribution of harmful effects for population health and to the economy to individual tornadoes.
According to NWS Instruction 10-1605 (Murphy, 2016) , estimates should be in the form of US Dollar values and rounded to three significant digits, followed by the magnitude of the value (i.e., 1.55B for $1,550,000,000). Values used to signify magnitude include: K for thousand $USD, M for million $USD, and B for billion $USD. Inspection shows, however, that many other values were used as magnitudes: K, M, 0, 3, B, 4, 2, 6, h, 5, 1, H, 9, 7, 8. It is, of course, impossible to be completely sure what the preparer had in mind when introducing these values, but we can make educated guesses about their meaning, such as h for hundreds and 6 for millions. Now, we recalculate PropertyDamage and CropDamage variables taking these magnitude values into account.
Having the damages values in a proper form, it is interesting to check for missing values (coded as NA). It is known that missing values are a problem that plagues any data analysis, their presence introducing bias into some calculations or summaries of the data (Peng, 2015, p. 134) . The violin plots (Hintze & Nelson, 1998) of Figure 5 show that property and crop damage values concentrate below , or about US$0.00 if we notice that, due to the logarithmic scale used, the damage values had to be incraesed by US$1.00 (see code in the Appendix).
Figure 5 also exhibit an outlier property damages value of , that is, US $115 billion, which is higher than Katrina, estimated at US $108 billion, considered the most destructive and costliest natural disaster in the history of the United States (Knabb, Rhome, Brown, 2011) . Inspection shows that this entry corresponds to an event of type FLOOD that would have occurred on January 1, 2006, in Napa, CA. The event narrative states: "Major flooding continued into the early hours of January 1st, before the Napa River finally fell below flood stage, and the water receded. Flooding was severe in Downtown Napa from the Napa Creek, and the City and Parks Department was hit with $6 million in damage alone. The City of Napa had 600 homes with moderate damage, 150 damaged businesses with costs of at least $70 million."
Further investigation shows that a flood did take place in Napa on that date, but was "not as bad at the devastating 1986 storm that caused $100 million in damage" (Courtney, 2005 It may be illustrative to visualize the distribution of damage estimates for the most frequent event, namely 'thunderstorm wind'.
The graph in Figure 7 shows that most damage estimates for 'thunderstorm wind' events are concentrated at $0 value. Inspection shows that 48461 'thunderstorm wind' events have $0 value, what, on top of the high count of 62% of missing values in the CropDamage variable in Table 2 , suggests a lack of information, as it is difficult to believe that so many events of this kind could result in no damage at all.
As an example, Curran, Holle, & López (2000) concluded that "damage reports appear to be poorly represented" in the Storm Events Database as a review in 1989 of 106 entries with damage values of over $500 million showed they to be erroneously coded events, which were then changed to the 'unknown' category. With regard to fatalities, Dixon et al. (2005) concluded that "depending on the database used and the compiling U.S. agency, completely different results can be obtained." As an example, these authors affirm that "there are several instances in Storm Data where traffic-related deaths were classified as directly caused by weather in contrast to the official guidelines."
Conclusion
NOAA's Storm Events Database is undoubtedly an invaluable resource to the general public, to the professional, and to the researcher.
A complete investigation of the damage estimates, injuries or fatalities figures is unfeasible due to the extension of the database.
The few results obtained here, however, are enough to show that the database suffers from incompleteness and inconsistencies and should not be used without taking reservations and appropriate precautions before advancing any inferences from the data.
